Individuals with autistic traits (measured with Autism-spectrum Quotient, AQ) often excel in detecting shapes hidden within complex structures (e.g. on the Embedded Figures Test, EFT) . This facility has been attributed to either weaker global integration of scene elements or enhanced local processing, but 'local' and 'global' have various meanings in the literature. The function of specific global visual mechanisms involved in integrating contours, similar to EFT targets was examined. High AQ scorers produced enhanced performance on the EFT and an alternative Radial Frequency Search Task. Contrary to 'generic' interpretations of weaker global pooling, this group displayed stronger pooling of contour components that was correlated with search ability. This study therefore shows a global contour integration advantage in high AQ observers.
Introduction
Individuals with autism demonstrate superior performance relative to matched controls on visual search tasks such as the Embedded Figures Test (EFT; Witkin et al., 1971) , which requires detecting a closed-contour shape hidden within a more complex structure (Edgin & Pennington, 2005; Frith & Happé, 1994; Jolliffe & Baron-Cohen, 1997; Morgan, Maybery, & Durkin, 2003; Pellicano et al., 2005) . Similar findings have been observed in typically developing individuals with high levels of autistic-like traits (Almeida, Dickinson, Maybery, Badcock, & Badcock, 2010a , 2010b Grinter et al., 2009a Grinter et al., , 2009b Russell-Smith, Maybery, & Bayliss, 2010) , as measured by the Autism-spectrum Quotient (AQ; Baron-Cohen et al., 2001) . These findings are suggestive of similar mechanisms in the two groups and the existence of an underlying continuum; however the nature of these mechanisms is still unclear.
Several alternative explanations have been provided to account for superior visual search in these groups. One proposed explanation is that they have weak central coherence (WCC), which describes a relatively weaker ability to perceive the global structure of a visual display, allowing easier access to the target elements in the search array (Frith & Happé, 1994; Happé, 1996 Happé, , 1999 Shah & Frith, 1983 , 1993 . In contrast, the enhanced perceptual functioning (EPF) framework (Mottron & Burack, 2001; Mottron et al., 2006) describes superior low-level and local processing with no accompanying global or 'integrative' deficit (Manjaly et al., 2007; Mottron, Burack, Iarocci, Belleville, & Enns, 2003; Mottron, Burack, Stauder, & Robaey, 1999; Ozonoff et al., 1994; Plaisted, Swettenham, & Rees, 1999) . The explanations above concur in proposing better use of local than global cues by individuals with autism or those with high levels of autistic-like traits, however, they take different positions as to whether global processing is limited in these groups. While each of these explanations refers to local and global processes, the terms 'local' and 'global' have acquired a broad range of meanings that at times are poorly specified and at other times seem to refer to quite different aspects of visual processing (Milne & Szczerbinski, 2009 ). This creates a challenge when trying to reconcile findings from different studies, and conceptualise the co-occurring deficits and strengths present in these groups. Almeida et al. (2010a) constructed a new visual search task using radial frequency (RF) patterns (see Section 2). RF patterns are created by deforming a circle through varying its radius sinusoidally as a function of polar angle, with the number of modulation cycles required to complete one revolution corresponding to the RF number (Wilkinson, Wilson, & Habak, 1998) . These patterns were chosen because, like the simple target shape in the EFT, they are also closed contours, but they can be adjusted to evoke welldefined global or local closed-contour processing mechanisms (Bell & Badcock, 2009; Hess, Wang, & Dakin, 1999; Loffler, Wilson, & Wilkinson, 2003) . The terms 'local' and 'global' used here do not refer to a small figure within a larger pattern or array (as proposed by WCC), but rather refer to detection of local features of the RF pattern (e.g., curvature maxima) and the global integration of that information around the whole closed contour. RF patterns can provide evidence of either global or local closed-contour processing (Loffler et al., 2003) . This can be achieved by measuring the amplitude of distortion required to discriminate between a circle and an RF pattern. The efficiency of global integration can be assessed by using stimuli of a particular RF and varying the number of cycles of modulation (i.e., curvature maxima) at that frequency inserted into the otherwise circular contour. For instance, for an RF3 pattern, 1, 2 or 3 cycles of deformation could be applied to the contour (see RF stimuli presented in Fig. 2a) . A decrease in threshold with more cycles of modulation is expected, even in the absence of global integration, due to probability summation, which refers to the increasing probability of detecting single cycles as the number of cycles present increases (Graham, 2001) . However for low-frequency patterns (RF < 10), sensitivity to curvature maxima improves too rapidly to be explained by the processing of local cues (single cycles) in isolation, but rather requires global integration of the local shape information around the contour to explain the improvement (Bell & Badcock, 2008; Dickinson et al., 2012; Loffler et al., 2003) . In contrast, for high RF patterns the rate of threshold improvement matches the rate predicted by probability summation, indicating only local processing of pattern features (Loffler et al., 2003) .
Evidence of superior search by individuals with high, relative to those with low, levels of autistic-like characteristics has been reported on tasks that employed either globally or locally processed RF stimuli . In the present study, the use of RF stimuli has been extended to examine the efficacy of global integration mechanisms in groups differing in levels of autisticlike traits. As mentioned above, the terms 'local' and 'global' are used here in a very specific sense, referring to clearly identified mechanisms with known neural bases (Gallant, Shoup, & Mazer, 2000; Wilkinson et al., 2000) . The repeated findings of superior RF search task performance suggest that the high AQ group may have narrower RF channel bandwidths (Almeida et al., 2010a or higher sensitivity to the parameters underlying global processing of RF patterns (Dickinson, Bell, & Badcock, 2013) . This implies that global pooling will be more selective for RF number and that global integration could be stronger, not weaker for high AQ individuals. Grinter et al. (2010) compared children diagnosed with an Autism Spectrum Disorder (ASD) and typically developing children on their ability to differentiate between a circle and an RF pattern. They found that the ASD group required greater deformation of an RF3 to reach threshold than controls, however no group difference in threshold was observed for an RF24 pattern. Based on these findings, it was suggested that children with autism may have difficulty with global processing, yet have intact local ventral-stream processing, consistent with WCC (Grinter et al., 2010) . However as detection threshold differences were only inspected when all three cycles were present on the RF3 pattern, no measure of the efficiency of global integration could be calculated and compared between groups. Detection threshold differences observed when three cycles of deformation are presented on the RF3 pattern could reflect varying sensitivity to coarser-scale curvature (local), integration of signal around the contour (global), or both, and thus do not provide a direct measure of the efficiency of integration. Therefore, the present study employed the RF integration task, described above, to extend the work of (Grinter et al., 2010) and to examine the ability of individuals with either high or low levels of autistic-like characteristics to use global processing when detecting modulation in RF3 contours.
The aim of this study was to investigate whether those with a high AQ would show evidence of differences in the ability to integrate the components of a closed form relative to a group with low AQ. The task employed for this purpose (the RF integration task) assessed thresholds for discriminating an RF3 pattern with 1, 2 or 3 cycles of modulation from a circle. The high and low AQ groups also completed the EFT and a version of the RF search task previously used in earlier studies (Almeida et al., 2010a (Almeida et al., , 2010b ). For the latter task, participants searched for a target RF3 pattern among varying numbers of distractor RF4 patterns. If the proposition of weaker global pooling of low RF patterns, arising from work investigating children with an ASD (Grinter et al., 2010 ) is supported in research on typically developing adults selected to vary in levels of autistic-like traits, then for the RF integration task, the high AQ group may also have higher RF3 detection thresholds when three cycles of modulation are present on the contour relative to the low AQ group. More critically, we may expect the high AQ group to show evidence of weaker global integration relative to the low AQ group, as reflected in a shallower improvement in thresholds as more cycles of deformation are added to the RF3. However, if previous results of Almeida et al. (2010a Almeida et al. ( , 2010b are replicated, and the proposition of narrower RF channel bandwidths in high AQ scorers is supported, we would predict that the high AQ group would show evidence of greater global pooling on the integration task and faster RF search times relative to the low AQ group, along with a correlation between performance on these two RF tasks.
Method

Participants
Undergraduate psychology students (N = 640) at the University of Western Australia completed the AQ. Cut-off scores of 611 and P22 (delineating the lowest and highest quintiles) were used to create low (n = 16) and high (n = 15) AQ groups (see Table 1 ). The two groups did not differ in IQ (t(29) = 1.064, p = .296) or gender distribution (v 2 (1, N = 31) = .008, p = .930). Each observer had normal or corrected-to-normal visual acuity (assessed using a Snellen chart). The study was approved by the University of Western Australia's Human Research Ethics Committee and conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. a Note: This small difference in mean age is statistically significant (Welch-corrected t(18.59) = 2.401, p = .027) however it arises because of two older observers in their mid-30s in the High AQ group. The difference reduces to 2 years (with equated variances) and is non-significant without them. All major results in the paper have also been analysed without those two observers, to check whether this age difference was critical to our conclusions, and no outcome changed as a result of their removal. We, therefore, report the values with all participants included.
Stimuli and tasks
Observers completed the 50-item AQ , the two subtest (Matrix Reasoning and Vocabulary) form of the Wechsler Abbreviated Scale of Intelligence (WASI), Form A of the adult EFT (Witkin et al., 1971) , a simple version of the RF search task (Almeida et al., 2010a ) and the RF integration task (Loffler et al., 2003) .
RF patterns
An RF pattern is a closed-contour shape created by deforming a circle by varying the radius with a specified number of cycles of modulation around the circumference, according to:
where r mean is the mean radius (1°for both tasks), A is the radial modulation amplitude (0 6 A 6 1), x is the radial frequency (3 for the target or 4 for distracters), u is the angular phase of the pattern and h is the polar angle (Loffler et al., 2003) .
RF search task
The experimental protocol, display equipment, and luminance and target properties (including the modulation amplitudes;
) associated with the display were identical to those of previous studies (see Almeida et al., 2010a Almeida et al., , 2010b ). The RF search task required the observer to indicate whether an array of distracter RF4 patterns (square-like) contained a target RF3 (triangular) by pressing one of two buttons as rapidly as possible. Set size (SS) of the stimulus display was either 2, 4, 8, 16, or 32 RF patterns, randomly interleaved across trials, with the gradient of reaction time (RT) as a function of SS used as an index of search efficiency. Observers completed 40 trials per SS, providing a total of 200 trials (50% target-present).
RF integration task
The RF integration task measures the degree to which observers integrate shape information around a closed contour (Loffler et al., 2003) . It measures the amplitude of distortion in the RF3 (A in Eq.
(1)) required to discriminate between a circle and the RF3 pattern, to determine the rate of improvement in thresholds as more modulation cycles of a fixed wavelength are added to the otherwise circular contour (see Fig. 2 ). The connection between a modulated cycle and the remaining circular contour was smoothed in the manner described previously (Bell & Badcock, 2008; Dickinson et al., 2012; Loffler et al., 2003) . The efficacy of integration is reflected in the index of the power function describing the decrease in threshold with number of cycles. A threshold decrease is expected as a result of probability summation since the probability of detecting a single cycle increases when more cycles are available (Graham, 2001 ). Global integration is demonstrated when threshold decreases at a greater rate than expected from probability summation (Loffler et al., 2003) .
A two-interval forced-choice (2IFC) procedure was used where test and reference patterns were displayed in sequence (160 ms, separated by a 500 ms inter-stimulus interval). The mean radius of the patterns was 1 o and the radial luminance profile of the contours was Gaussian (r = 4 0 ; 9.4 0 full width at half maximum contrast) as also for the search task stimuli. Pattern order was randomised and the observer was required to indicate which interval contained the modulated test pattern. Test pattern orientation was randomised on each trial, to prevent observers from knowing where a deformation would occur (Bell et al., 2007) . The method of constant stimuli (MOCS) was employed with nine amplitudes of modulation and 60 trials per amplitude used for each condition.
Integration task analysis
The psychometric data were fitted with the Quick function (Loffler et al., 2003; Quick, 1974; Wilson, 1980) :
yielding D, a 75% correct threshold for discrimination between the test and reference patterns, and Q, a measure of the slope of the psychometric function relating probability of discrimination to modulation level (A). Threshold change was assessed by fitting a power function of the number of cycles of modulation:
where n is the number of cycles of modulation (1, 2 or 3), k is a scaler for sensitivity and c determines the rate of change (used as our integration index and shown in Figs 2b and 3 ). Perfect integration of information around the pattern would result in a power function index (c) of À1. Probability summation also produces a threshold decrease but with an index of À1/Q where Q is from Eq. (2) (Wilson, 1980) . If the fitted index is significantly steeper than predicted by probability summation, global processing is demonstrated.
Results
Superior EFT performance was observed for the high AQ group relative to the low AQ group for both speed (t(29) = 5.547, p < .001, d = 1.993) and accuracy (t(29) = 2.475, p < .05, d = .898; see Table 1 ).
For the RF search task, four 5 Â 2 repeated measures ANOVAs, with SS as the within-subjects variable and AQ group as the between-subjects variable were conducted. The four ANOVAs targeted performance accuracy and speed of performance in the target present and target absent conditions, considered separately.
Accuracy: There was a main effect of SS on accuracy (target pres- 834) data, consistent with slower search times for larger sets (see Fig. 1 ). Importantly, the high AQ group was both faster overall and showed a shallower rate Fig. 1 . Mean RT data for each group across the five SSs of the RF search task. Error bars plot 95% confidence intervals. The data were fit with a linear regression (black and grey straight lines). These results demonstrate overall faster performance and increased search efficiency (reduced RT Â SS slopes) of the high AQ group relative to the low AQ group.
of increase in RT as a function of SS relative to the low AQ group, for both the target present and target absent data sets (Fig. 1) . Thus there was a main effect of AQ group in the target present On the RF integration task, no significant differences between the high and low AQ groups were observed in deformation thresholds where one (t(29) = 1.666, p = .107), two (t(29) = .742, p = .464), or three (t(29) = .059, p = .953) lobes were present on the RF3 pattern (see Fig. 2a ). Global pooling was demonstrated because the index of the power function (fitted to the averaged group data, see Fig. 2a ), reflecting the threshold change with increasing number of cycles, was steeper than the probability summation prediction (c = À1/Q = À.49) for both the high AQ group (c = À.923; F(1,43) = 23.350, p < .0001) and the low AQ group (c = À.820; F(1,46) = 37.870, p < .0001). A 3 Â 2 repeated measures ANOVA, with number of cycles as the within-subjects variable, AQ group as the between-subjects variable, and detection threshold as the dependent variable revealed no significant main effect of AQ group (F(1,29) = 1.234, p = .276, g 2 = .041). A significant main effect of number of cycles was observed (F(2,58) = 445.951, p < .001, g 2 = .939), reflecting an improvement (i.e., decrease) in thresholds for both groups as the number of cycles increased (see Fig. 2a ). Furthermore a significant AQ group Â number of cycles interaction was also observed (F(2,58) = 4.555, p = .015, g 2 = .136; see Fig. 2a ), reflecting a steeper rate of improvement in threshold with increasing number of cycles for the high AQ group (t(29) = 4.430, p < .001; see Fig. 2b ).
EFT RT and the RF integration index were positively correlated (see Fig. 3e ) and each of these variables correlated positively with slopes derived from the target present (see Fig. 3a and c) and target absent (see Fig. 3b and d) conditions of the RF search task.
Discussion
Consistent with previous studies (Almeida et al., 2010a (Almeida et al., , 2010b Kemner, van Ewijk, van Engeland, & Hooge, 2008; Russell-Smith, Maybery, & Bayliss, 2010) , we observed enhanced performance by those with high relative to low autistic characteristics on the EFT. On the RF search task, the high AQ group were significantly faster overall and less affected by increasing SS than the low AQ group. These visual search findings replicate Almeida et al. (2010a) and Almeida et al. (2010b) in showing enhanced search performance by those with high levels of autistic traits when required to detect a target in a background. On the RF integration task, both groups demonstrated significant global pooling of the RF3 contour; however the integration slope, reflecting the change in the modulation thresholds across the number of cycles of deformation for the RF3, was significantly steeper for the high AQ group, reflecting greater ability to globally integrate deformation information in the high AQ group.
These results are surprising if one takes a broad interpretation of the term 'global processing' since previous studies have often reported poorer detection thresholds for globally processed pattern information in individuals with autism or high levels of autistic traits (Grinter et al., 2009a (Grinter et al., , 2010 Koldewyn, Whitney, & Rivera, 2010; Pellicano et al., 2005) . However, the integration of information around the RF pattern contour presented here differs from the integration of coherently oriented dipoles in Glass patterns (Glass, 1969) or local motion vectors in Global Dot Motion (GDM) displays, as used in these previous studies. GDM and Glass pattern tasks involve altering the ratio of signal to noise elements (vectors or dipoles respectively) in order to determine an individual's sensitivity. This process of obtaining a measure of the detectable signal to noise ratio contrasts with the method employed in the RF integration task, which is concerned with the ability to integrate the signal around a connected contour (Loffler et al., 2003) . The RF patterns used in the integration task involve no explicit noise, which contrasts to the noise elements (incoherently oriented dipoles and local motion vectors) in the Glass and GDM tasks. Further, the integration of unconnected elements (e.g., dipoles in Glass patterns) is likely to draw on a different mechanism to that used to integrate along the connected contour of an RF pattern Bell & Badcock, 2008 ).
In the current study the high AQ group's detection thresholds were not significantly different from those of the low AQ group at any number of cycles, yet the former group showed improved within-observer ability to integrate the information presented. If high AQ performance was the result of altered sensitivity to local curvature information then systematic threshold offsets at all numbers of cycles would be expected, yet this was not observed. This finding is consistent with our previous observation that improved search performance by the high AQ group is not simply due to enhanced detection of local curvature information as it is also found when local curvature is equated for targets and distracters .
As noted earlier, previous research has reported higher detection thresholds for complete RF3s for children with an ASD compared to typically developing children (Grinter et al., 2010) . This outcome contrasts with the present finding of no significant group differences in detection threshold when three cycles of modulation were presented. A difference between the two studies may contribute to the contrasting results. The earlier study investigated RF3 detection thresholds in children with an ASD whereas we examined adults with high levels of autistic characteristics in comparison to those with low levels. The differences in results may, therefore, reflect either the developmental trajectory or the position of individuals along the continuum from autism to typically developing. It is important to note that while the previous study (Grinter et al., 2010) found that children with an ASD had higher detection thresholds when three cycles were present on an RF3 pattern, the number of cycles of modulation present on the RF3 pattern was not varied and so it was not possible to compare an integration index for this group and the typically developing controls. A higher RF3 detection threshold could co-occur with either a steeper, shallower, or equivalent integration slope (relative to the control group). A future developmental study incorporating an integration measure would be helpful. Developmental changes in sensitivity to lower rates of curvature could also explain the previous result. Since Grinter et al. (2010) did not find differences with an RF24, which incorporates higher degrees of curvature in the targets, a general deficit in curvature processing would not explain their results but if the suggested mechanisms (Bell & Badcock, 2008; Poirier & Wilson, 2006) for low RFs developed at a different rate to those for high RFs then the differences might be explained. Wang et al. (2009) have shown that while visual acuity for fine detail reaches adult levels early in life, sensitivity to RF modulation does not reach adult performance levels until approximately 21 years of age, which is consistent with Grinter et al. (2010) reporting higher thresholds for their young cohort with the RF3 and our finding of similar thresholds in both young adult groups in the current study. However, this difference in overall performance level is distinct from the difference in slope indicating stronger integration. An additional study examining integration in a younger age group is still needed.
Individuals with high levels of autistic traits were superior searchers and more efficient when integrating information around a closed contour relative to individuals with low levels of such traits. Additionally, improved global pooling of contour information was positively correlated with greater search ability (see Fig. 3 ). Given that the stimuli in the RF search task were the same as those used in the integration task, it may be that greater ability to integrate information around the RF contour and thus define and differentiate these global shapes allows for improved ability to isolate the target RF pattern from the distracter items in the RF search task (Almeida et al., 2010a ). This could be beneficial in the EFT where the target shapes are quite simple closed-contour figures. However, this explanation does not account for the superior search ability in high autistic trait individuals previously observed when targets and distracters were only segments of the RF patterns and thus no longer closed contours . It is also important to note, given recent work on Load Theory of Attention and Cognitive control (Remington, Swettenham, & Lavie, 2012) , that the array of conditions incorporated in our three previous papers (Almeida et al., 2010a (Almeida et al., , 2010b ) cover a very large range of task difficulty, as indicated by substantial variation in the slopes of RT vs SS response functions but this has no significant impact on the proportional difference in performance between the groups using the Radial Frequency Search Task. Thus variation in attentional load does not readily explain the group differences reported here.
Perhaps an enhanced capacity for attention to capture a broader visual spatial field could contribute to superior performance on the different variants of the RF search task, as greater ability to process a wider area of the visual display could reduce the impact of increasing SS and thus lower gradients for the search task by decreasing the need for additional eye-movements. This argument is supported by previous search-task studies which employed eye-movement analyses and reported that individuals with ASDs made fewer fixations (Kemner et al., 2008) , appeared able to localise targets without moving their eyes (Kemner et al., 2008) , and made fewer fixations to the outer eccentricities of the search display (Joseph et al., 2009) relative to age-and IQ-matched typically developing individuals. Additional work is underway in our laboratory to test this suggestion that the effective visual field may be larger in individuals scoring higher on the AQ. Such an explanation may not apply to all attentional tasks. Grubb et al. (2013) have reported that there is no difference in exogenous covert attention, the involuntary allocation of spatial attention to rapid onset cues, when comparing adults with high-functioning ASD and typically developing adults. It is unclear whether the lack of difference between groups that they reported arises from equivalent sensitivity to cuing in the attentional tasks they chose or the choice of the comparison group. Our visual search studies have repeatedly shown performance differences using a low AQ comparison group whereas Grubb et al. (2013) have used a typically developing group, which is likely to cover a much broader range of the AQ spectrum. Since the visual search differences we obtain are correlated with AQ scores, selection of the comparison group is likely to be important.
The current study employed a novel application of visual stimuli for which local and global processes are well-specified in the psychophysical literature, and revealed enhanced integration of components of a closed contour in those with high levels of autistic characteristics. The study therefore illustrates the more general point that progress is likely to be facilitated if researchers move away from the broad application of the labels 'local' and 'global' and instead focus on the specific underlying visual and cognitive processes required to perform the tasks.
